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NGHIEN CUO’U TAO LOP PHU GOM WC-12Co BE MAT TRY
TRONG LAM VIEC TRONG MOI TRUONG KHAC NGHIET BANG
PHUONG PHAP PHUN PHU HVOF

RESEARCH ON CREATING WC-12Co CARBIDE COATING FOR INTERNAL
SURFACES WORKING IN HARSH ENVIRONMENTS BY USING HIGH VELOCITY
OXYGEN-FUEL THERMAL SPRAY (HVOF)

Nguyén Tu4n Hai', Pinh Vin Chién??
'Khoa K¥ thuat, Truong Pai hoc Cong nghé Pong Nai
Trudng Pai hoc Mo — Dia chét
’Trudng Pai hoc Kinh té — Cong nghé Thai Nguyén

TOM TAT

Phuwong phap ma crom cung (EHC) dé tao 16p phii bao vé thuong dwoc sir dung rong rdi
trong nganh hang khéng, 6 t6 va thiét bi dau khi ngoai khoi... Tuy nhién, cong nghé ma tdc déng
xdu dén méi trwong do dung dich ma crom chira cdc hop chat crom héa tri sau (Cr®*), mot chat cue
ky déc hai va gdy ung thw. Gidi phdp thay thé cho EHC da dwoc phdt trién réng rdi trong thip ky
qua bang cong nghé phun phii nhiét sir dung nhién liéu oxy toc do cao (HVOF). Céng nghé HVOF
cho trang thai hat phun hoat dong ¢ déng nang cao, nhiét do hat thcfp, ndng cao ddc tinh chong mai
mon va an mon. Bdi bdo trinh bay két qua nghién ciru tao lop phu gom WC-12Co bang céng nghe
HVOF nham nang cao chat lrong cua bé mdt bén trong chi tiét tru trong méi trieong lam viéc khac
nghiét. Vit liéu nén dege sir dung la ong thép CT38. Cdc dic tinh I6p phii dwoc nghién ciru bao gom
dé xop, do cing té vi, dg bam dinh véi nén thép, thanh phan pha. Cé ba théng s6 cong nghé phii da
diege khdo sdt gom toc dg sing phun tirong doi, khodng cdch phun va luu lu’ong bét. Hé thong phun
HVOF duwoc trinh bay trong nghién ciru cung voi do gd phun duge thiét ké ddc biét cho hé thong
phun bé mat trong véi dwong kinh t6i thiéu 400 mm da dwoc ché tao va voi kha nang phun mau 0
chiéu sdu lén t&i 600 mm. Céc dac tinh ciia [6p phu dwoc thao ludn dé toi wu héa hon nita hiéu sudt
cua lop phu trong cac ung dung twong lai.

Tw khoa: HVOF; WC-12Co, Bé mdt trong,; Lép phii phun nhiét.
ABSTRACT

Electrolytic hard chrome (EHC) methods are still widely utilized in the aerospace,
automotive, and offshore industries. Alternative solutions to EHC have been widely developed in
the past decade by High-velocity oxygen-fuel (HVOF) processes, which operate at higher kinetic
energy and more particularly at lower temperatures, significantly increasing wear and corrosion
resistance properties. The paper presents the research results on the fabrication of WC-12Co

carbide coatings by HVOF, which was used to improve the quality of the internal surface of pipes &
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operating in aggressive environments. The pipe material used is CT38 steel pipe, the investigated
coating properties include porosity, microhardness, adhesion to steel substrates, and phase
composition. There are three coating technology parameters that have been surveyed, including
relative spray gun speed, spray distance, and powder flow. A dedicated internal diameter HVOF
system is presented here and specially designed fixtures with a minimum inside diameter of 400 mm
have been manufactured for this purpose, with a possibility to spray samples at increasing lengths
up to 600 mm. Coating properties are discussed for further optimization of coating performance.

Keywords: High-velocity oxygen fuel; WC-12Co;, Internal surface; Thermal spray coatings.

1. PAT VAN PE

Trong nhiéu nganh cong nghiép sir dung
céc chi tiét nhu: van, long khuon, xylanh, duong
éng. .. str dung bé mat 1am viéc 1a bé mit trong.
Céc b phan, chi tiét nay dugc sir dung rong rai
dé van chuyén céc vat liéu ran, long hoac su
dung trong thiét bi ap luc va chung thudong hoat
dong trong diéu kién khac nghiét nhu in mon
vd mai mon, nhiét do cao. Bao vé bé mit bén
trong cua chi tiét nham nang cao tudi tho hoat
dong cua chung da duogc nhiéu nha khoa hoc
nghién ciru va dat duoc thanh cong déng ké [1-
3]. Phuong phép phd bién duoc st dung hién
nay dé bao vé bé mit trong 1a crom cing cong
nghiép hodc tao crom cing dién phan (EHC).
Cong ngh¢ EHC da chirng minh dugc hi¢u qua
trong viéc bao vé bé mit. Tuy nhién, phuong
phap nay dit ra cac van dé nhu yéu trude ngoai
luc, d6 bam dinh kém. Phun nhiét oxy-nhién
lidu téc do cao (HVOF) la cong nghé co thé
thay thé EHC vi n6 mang lai kha ning chdng
an mon va mai mon cao hon, nang cao hiéu qua
tong thé [4-5].

L6p phii bé mit cac-bit vonfram WC-
Co thuong dugc sir dung dé tang do cung, kha
ning chdng mai mon va chéng in mon cia
cac bg phan k¥ thuat khac nhau, vat li¢u nay
6 thé duoc tao 1én trén bé mit bai cong nghé
phun HVOF. Ngudi ta da ching minh rang 16p
phu WC-Co dugc phun nhi¢t thé hién céc cau

truc vi mo da pha phuc tap [6-9]. Mtrc d§ phan
huy bot trong qué trinh phun bi anh hudng bdi
nhiéu yéu t6 qua trinh phirc tap nhung chu yéu
phu thudc vao hai yéu té: qué trinh nhiét do —
thoi gian cua céac hat trdi qua va dac tinh cua
hat nhu kich thudc hat, d6 x6p va kich thudce
hat. Su phan huy xay ra ¢ nhi¢t d§ cao va van
toc thap. Viée sir dung kich thudce hat gbm nho
trong cac hat bot déu thuc day su hoa tan gébm
vao ma tran néng chdy va qua trinh khir céc-
bon sau do.

So véi phun bé mat ngoai, qué trinh
phun phu bé mat bén trong cua chi ti€t van con
nhiéu van dé can dugc nghién ctru nhu:

- Sting phun phai c6 kha nang hoat dong
& khoang cach phun ngan. Khi cac hat trai qua
qua trinh tang toc & khoang cach phun ngan,
két qua cudi cting 1a chit lugng 16p phu kém do
van tdc khong du cua cac hat khi va cham véi
chat nén.

- Qua trinh oxy hoa cac hat c6 thé xay ra
nhiéu hon khi phun vét li¢u dang bt min hon
$0 vGi phun ngoai.

- Cac hat min hon cé xu hudng di theo
duong di cua dong khong khi manh hon so véi cac
hat 16n hon va do cac dong khong khi & gan bé mat
tach ra khoi bé mat nén nén cac hat nho hon c6 thé
di theo dudng nay, khong bam vao bé mit.
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- Qua trinh oxy hoa cua vat liéu phu cé
thé xay ra sau sy tac dong cua cac hat vat li¢u
pht 1én vat liéu nén.

Toém lai, qua trinh tao 16p phu bé mit
trong phirc tap hon qua trinh phun bé mét ngoai
va chua c6 cong trinh nao cong bd ¢ Viét Nam.
Trong bai bio nay trinh bay két qua nghién ctru,
thtr nghiém danh gia co tinh cua 16p phu WC-
12Co ché tao bang phuwong phap phun nhiét
HVOF bé mit trong chi tiét trén nén thép dng
CT38.

2. NQI DUNG NGHIEN CUU
2.1. Tao 16p phi thir nghiém

Hé thong thiét bi HVOF cam tay HP-
2700M ché tao boi cong ty MEC — An Do
(Hinh 1) két hop véi d6 ga chuyén dung duoc
thiét ké dac biét phun bé mat trong duoc dung
dé tao 16p phu.

Dé bé mat 16p phu dat chat luong, qua
trinh phun bé mit bén trong ciia chi tiét can dam
bao chuyén dong dong déu giira toc d quay cta
6ng va chuyén dong tinh tién cta siing phun doc
theo truc ctia 6ng. Tdc dd chuyén dong doc truc
can duoc diéu khién doc 1ap dé duy tri cac thong
s toc do chuyén dong tuong ddi giita sing phun
va by phan dugc phun. Trén co s¢ do, dd ga
phun dic biét dugc thiét ké va ché tao phu hop
v&i mau phun trong nghién ciru (Hinh 2).

L6p phu dugc tao thanh trén bé mat tru
trong cta 6ng thép CT38 c6 dudng kinh OD
= 406 mm va ID = 390 mm (Hinh 3). Chiéu
day 16p phit cAc mau sau khi phun trong khoang
450-500 pm.

Bot WC-12Co véi cac dic tinh thé hién
Bang 2 dung trong nghién cuu tao 16p phu
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bang phuong phap phun nhiét HVOF 14 loai
bot nguyén liéu thwong mai c6 thanh phan 88%
WC, 12%Co dugc tao ra bang phuong phap két
tu va thiéu két véi kich thudc trung binh 15-
45 pm. Bang 1 trinh bay cac thong s6 ché do
phun dé tao 16p phu dung trong thir nghiém,
bao gdm ba thong s6 chinh dugc nghién ctu
thir nghiém trén pham vi rong dé xac dinh ché
dd cong nghé phu hop lam co sé cho viéc ung
dung thyc té tao 16p phu trén bé mit trong cua
6ng. P6 1a khoang cach phun L, luu luong phun
P va vén tc twong ddi sing phun V, dugc bd
tri theo phuong phap Taguchi tao thanh 9 mau
thi nghiém dé tao 16p phu dung trong dénh gia
(Hinh 3).
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Hinh 1. H¢ thong thiét bi phun nhiét
HVOF HP-2700M.

Hinh 2. P6 g phun bé mdt trong

Hinh 3. Mdu phun thuc nghiém
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Bdng 1. Théng s6 ché do phun céc mau

Thi nghiém 1 2 3 4 5 6 7 8 9
L (m) 0.20 0.20 0.20 0.25 0.25 0.25 0.30 0.30 0.30
P (g/phit) 20 26 32 20 26 32 20 26 32
V (m/s) 0.10 0.15 0.20 0.15 0.20 0.10 0.20 0.10 0.15
Bang 2. Dac tinh vat lieu WC-12Co
TT Pac tinh WwC Co
1 | Nhiét d¢ néng chay (°C) 2785 + 2830 1495
2 Do bén nén (MPa) 6833 2927
3| Matdo (g/em’) 15,88 8,9
2.2. Phuong phép kiém tra chit luwgng 16p phii )
| Luwc ep
Bot phun gébm WC-12Co c6 hinh théi
bé mat va cau truc vi mé mat cat ngang 16p phu khuon
duoc phan tich bang kinh hién vi dién tor quét |tren
Nova Nano SEM 450 FEI (Nhat Ban); Do xop
cua 16p phu dugc do theo ti€u chuan ASTM Lop | I_
B276-21 [10]; Xac dinh cAu trtc tinh thé cta Khuon | PDU T
vat li¢u bang céach st dung chum tia X hep, don
sdc, song song huéng vao mau. Trong nghién Miu
clru nay, thiét bi D8-Advance cua Bruker (Dtc)
duogc st dung dé phan tich thanh phan pha cua f::“h
an

16p ph.

Tiéu chuan ASTM E384-22 dugc sir
dung dé danh gia do cung cua 1ép phu [11].
Qua trinh do d6 ctimg dugc thyc hién trén thiét
bi IndentaMet 1106.

Pé kiém tra cuong d6 bam dinh gitra 16p
phu va vt liéu nén, tiéu chuan JIS-H-8304-2017
duoc lya chon dé s dung dénh giad [12].
Nguyén ly xdc dinh cuong do bam dinh theo
phuong phap xac dinh tmg suat bam dinh truot
ctia 16p phu vé6i vat liéu nén (Hinh 4).

Hinh 4. Nguyén 1y thir dg bén bam dinh 16p phii
3. KET QUA VA BAN LUAN

3.1. Hinh thai bt phun va ciu tric vi mé 16p
phit WC-12Co

CAu trac vi mo cua vat lidu bot WC-
12Co da dugc nghién ctru, thu nghiém. Hinh
thai dugc mo ta gan nhu hinh dang cau (Hinh 5).
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Phan tich cdu triic vi mo 16p phi thong
qua anh SEM (Hinh 6a) cho thiy 16p phil lién
két v6i bé mat vat lidu nén duge hinh thanh
bang lién két co hoc (1a lién két chinh). Lién két
d6 duoc hinh thanh do sy bam dinh cua hat véi
phan nhip nhé cta bé mit trong qué trinh gia
cong nham trude d6 (Hinh 6d,e,f). Coban dong
vai tro lién két cac hat va lién két cua 16p phu
v6i chat nén (Hinh 6b,c). Tuy nhién, trong 16p
phu ton tai d6 xp voi kich thude nhé dao dong
tir (0,5 = 2,5) um (Hinh 6d). Anh SEM cua 16p
phu cho thy 16p phit WC-12Co tao bang phun
HVOF c¢6 d6 kin khit cao.

Hinh 6. Céu triic vi mé 16p phii

3.2. Do xop 16p phi

Do xp cta 16p phit duge xac dinh bang
ky thuat phan tich hinh anh theo tiéu chuan
ASTM B276-21 véi su hd tro ctia kinh hién vi
quang hoc Axioplan2-Carl Zeiss. Gié tri do x6p
do duogc 1a gia tri trung binh dugc do tai 5 vi tri
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khac nhau trén cdu triic mit cit ngang cua 16p
phi. Két qua phan tich do xdp cia mot mau phu
thir nghiém dugc thé hién trén Hinh 8. Két qua
do @6 xdp cho thay cac 16p phu c6 do xp khac
nhau tiy theo thong s6 phun HVOF dao dong
tir 1,48-3,06%. Mau c6 do xdp thap nhat khi
phun thtr nghiém mau véi khoang cach phun
0,3 m, luu lugng cép bot 1a 20 g/phit va van
téc sung phun trong ddi 1a 0,20 m/s. Trong khi
d6, mau c6 do x6p cao nhat 1a 3,06% khi phun
16p phu véi khoang cach phun 0,2 m, luu lugng
cap bot 20 g/phut va téc do sting phun tuong
ddi 0,10 m/s. Do Xép phu thudc vao viéc lua
chon tbi wu cac thong s6 phun nhu: kich thudce
hat phun, tbc do phun, luu lugng bot phun va
khoang cach phun,...

3.3. Thanh phén pha

Hinh 7 14 két qua phan tich EXD cua
bdt WC-12Co. Két qua phan tich thanh phan
pha ctia cic mau phun trinh bay & Bang 3. Qua
Bang 3 va Hinh 6¢ cho thdy WC van 1a thanh
phan chinh, lugng WC chuyén bién chinh tao
thanh W.C va Co 4W2Q, trong khi lugng phan
huy tao thanh W 1a t61 thi€u (Hinh 9). Giai
doan WC trai qua qua trinh phan hity dé tao ra
W.C, sau do chuyén thanh kim loai W khi dat
duoc nhiét d§ cao trong modi trudong giau oxy.
Trong qua trinh phun nhiét, gbm khuéch tan tir
WC vao ma tran va Co khuéch tan tir ma tran
vao cacbua, tao thanh Co,W ,C hodc 006W6p.
Trong nghién ctru nay, Co,W,C la thanh phan
pha dugc xac dinh. Trong truong hop nay, qua
trinh chuyén pha bi anh hudng chu yéu boi thoi
gian tiép xtic nhiét cua céac hat, do khoang cach
di chuyén cua hat tang 1én (tic 1a khoang cach
phun ting 1én). Két qua 1a sy chuyén pha cua
W.C va W tang 1€n, sy hinh thanh Co,W,C
c6 xu hudng giam di, do doé lugng WC con lai
cling ¢6 xu hudng giam di khi qua trinh chuyén

bién ting lén.
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Hinh 9. Phé phén tich XRD xdc dinh thanh phan pha 6p phii ciia hai mau
Bdng 3. Két qua phdn tich XRD thanh phan pha ciia mau
Thanh MAu thi nghi¢m
TT A o
phan (%) 1 2 3 4 5 6 7 8 9
1 |WC 64 72,5 60,6 71,9 58,2 71,5 53,1 61,6 53,7
2 1WC 10,9 7,9 16,9 10,4 18,3 10,9 17,7 6,1 27
31w 6,8 10,7 8,8 4,4 8,1 3,4 13,2 12,5 9,1
4 1 Co,W,C 18,3 8.8 13,7 13,2 15,4 14,2 16 19.8 10,1
3.4. Bg cirng 16p phu d6, dic tinh chéng mai mon cua 16p phit WC-

Qua trinh do dugc thuc hi¢n béng thiét
bi IndentaMet 1106 véi thang do HVO.1 (tai
trong 100 g va thoi gian tai 15 gidy). Cac diém
do duoc bd tri doc theo mat cét ngang cua bé
day 16p phu nhu hinh 10. Gia tri kiém tra do
clng trén mau thé hién trén bang 4. Gia tri do
ctimg do dugc cao nhét trén cac mau 1a 1247.2
HV, trong khi gia tri d§ ciing thép nhét do duge
trén cac mau 1a 1029.7 HV. Po cting 16p phu
ctia cic mau 16n hon 1000 HV va do ctng giira
cac mau khac nhau cho thiy su thay doi pha
trong WC anh huong dén d6 ctng 16p phu. Do

12Co ciing s& thay d6i. Viéc kiém soat nhiét do
va su bién d6i pha cia WC s& gop phan nang
cao dac tinh cua 16p phu phun nhiét va cho
phép tao ra cac tng dung khac nhau trong k¥
thuat cua vat liéu nay.

Hinh 10.Vi tri do do cirng l6p phu
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Bang 4. Keét qua do do cing cua cac mau

MAiu 1 2 3 4 5 6 7 8 9
Gia tri
do cimg | 1176.3 | 1029.7 | 1150.2 1247.2 1185.5 | 1200.4 | 1233.1 | 1093.6 | 1083.1
(HV)

3.5. P bam dinh 16p phit

Do bén bam dinh cua 16p pha dugc xac
dinh theo tiéu chuan JIS-H-8304-2017, trong
d6 mau dugc phun phu véi do day khoang
500 pm. Két qua thir nghiém d6 bam dinh cho
thdy mau c6 cudng do bam dinh cao nhét 65,6
MPa dugc phun ¢ khoang cach phun 0,15 m,
toc d6 dong phun 26 g/phut va van tdc twong
dbi cua sung phun 13 0,2 m/s. D6 bam dinh cta
16p phu phu thudc vao cac yéu t6 chinh nhu
khoang cach phun va nhié¢t d§ nong chdy cua
cac hat. Két qua thyc nghiém cho thay khoang
cach phun khac nhau sé cho gia tri d0 bam dinh
khéc nhau twong tng. Vi khoang cach phun anh
huong dang ké dén ning lugng hat trong qua
trinh va cham do sy thay doi ning luong trong
mdi truong phun. Tdc d6 dong phun anh hudng
dén nhiét d hat va su xép chong cua cac 16p
phu trén bé mit nén. P bén bam dinh rit quan
trong d6i v6i cac ung dung thuc té trong viée
chéng an mon va mai mon. Do qua trinh 1am
mat nhanh, su khuéch tan vét liéu gitra 16p phi
va chit nén bi han ché xay ra, do d6 1am cho do
bam dinh gitra 16p phu va chat nén chu yéu la
mot qué trinh vat Iy hon 1a qua trinh luyén kim
hoac hoa hoc.

4. KET LUAN

L6p phu gém WC-12Co dugce tao trén
bé mit trong cua chi tiét bang phuong phap
phun HVOF da dugc nghién ctru, danh gia. Ba
thong ) cong nghé ché do phun da duoc khao
sat bao gdbm khoang cach phun, luu luong bot
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va van toc sung phun twong dbi. Cac thong sd
phun duogc khao sat anh huong 16n dén co tinh
16p phu dugc tao ra va do d6 anh huéng 16n dén
tudi tho chi tiét.

- Po x6p cua 16p phu dat gia tri thap
nhat 1,48% khi phun 16p phu véi toe do cap bot
20 g/phut, van toc siing phun twong ddi 0,2 m/s
va khoang cach phun 0,3 m.

- D6 cimg té vi va cudong d6 bam dinh
cua 16p phu dat gid tri cao nhat lan lugt la
1247,2 HV va 65,6 MPa.

- Phan tich XRD cho thdy sy hinh thanh
cac pha méi nhu WC (thanh phan chinh), W.C,
Co,W.C.

- V6i thanh phan va co 1y cua 16p phu
céc-bit WC-12Co bé mit tru trong da duoc tao
ra béng cong nghé HVOF, c6 thé ung dung tao
16p phu bang vat liéu khac trén bé mat try trong
lam viéc trong diéu kién chiu an mon va mai
mon. *¢
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